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m^m 1 ] 

mL±i^A 1 iii!)-h^j:^mim^m^mwm. mniB^tm^m^m±-oAUi g ai. 

Alx2Gai-x2N (0<x 2< l:0-Ox 1 +0. 02^x2) t-h^^ms^itm^mi^ 

im-^M 2 1 

-r^ft*^ 1 iB«<^ I 1 1 :^M'fbW^#a)lt»o 
m^m 3 1 

f|2^'fb2^#^^#®*^A IxiG ai-xiN (0^x1^0. 0 5) ii^h^j:^ ^ t^mWit 
^2M'(k!^^##»^"A IxiG ai-riN (0^x1^0; 02) *^e> ^J-S i: =S:#^fc 

1 1 1 mmit®^mimmmo 
1 1 1 mm^tm^m^mmo 

itmm 8 1 ^ 

^ 2 M<fcJ^^^#^®5&^'T > r~-f<D^mi^X'$>^^ t ^#mi:i-* 11*^ l ~ ? (^JV^i- 
1 0 1 
m^m 111 

Ilt^« 1 2 1 

W^iS 1 ~ 8 OV*-rtL;6>-Stl|B««^ I I I;^'fb2^-¥^^#«®tr=S:*t-C*^m^=-r 
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[0 0 0 1] 

:^mmii. (LED) ^X^U-^'-r^r^-h' (LD) 

[0 0 0 2] ^ , 

GaN mit:^'}':^^) ^^fb-^tJ^^^^fflv^/^Wfe^^iJ^-f K (LED) ^ if 

YmwAZTy^-T (nhs) ^^v^/i^tn^^k-^fe^ffi^ftfe (mocvd) k 

t(7)mK. 4 0 0'CM«O®ig.t?A 1 N<^/^y 7T^«:^S$-^*fc. -^Ojilc^S^-iir 
*G aN^#^#®O^H^14^OT*-=etiy-;&«|aiJi1-SCii:7&*^:d^oyi: (#^¥2-2 
2 9 4 7 6-^<2r^) o tfz^ tt|B®^a/^* y 7 Tg^^t=Sr'|^t>*v>|^<^^^> ^^tLTV^S (S 
I^^ZrW^O 2/1 7 3 6 9>'n->7 V-;' h) » 
[0 0 0 31 

L*-L55;7&5?>ittP><^fi^^&«:ffiV^T'i)GaNm#^^^®'4»tC(4l 0^-1 0^°_cm-2o 

O^^LED (^^?S«3 8 0 nmrnr) "eti^^tcM LT^^^^^cO^^^i^;^^ < . 
^^^^gtco®M765^ie>'btLTV^^o ^^LED-e(4. G 2ili(D^^y V^^y-f (3. 4e 
V (jcVi^ M3>*';uh) ) l,ZT5:<ti^fz»b^±m^hmm^fifzif^TikX^im<^G 

>y y<?5:^§v^a'fkT;v5 -"^A • -^A (AlGaN) #S#<^ffll**'i5'^^^ 
[0 0 0 4] 

A 1 ^^tfA 1 G aN^S#®tC:i5V>T{4. ii^oW-feL E D ifCffiv^ ^tL-CV^;g> G 

titmLxmnmi>zm<^j:^m\^x0>^o mwitAi ^sr^tri I imm^t^^mi^rmm 
tL-CBuKi I imm^tm^mi^T^m'^^nmh. mmiztxmm^nmLxLtoo 
I i2^a'fbW*#®s^t-*>^ HufS5;^7^ y }-n^<<'MmLtz-^^m<onu-d'^^^i'^ 

o ioi ^ ^A 1 G aN^^i^m^i^^^^^^^y ^ Y^^<D^^^%.WLir^<. ± 
^(D&.^'^y-yrmW^fl'A 1 G aNMfet^^>fflv»^tL. i^ffilfe^fefc biT^ I I li^S^fb 

[0 0 0 5] 

'fb!^*S#®*"^«^^^^*^fr'^^^'^**> ^'fbt»#S#^B^H4'tC{4|b 1 0^° c m 2 

=^ ^ o^H^a^c^Mv- ^) L>{>^#>& ^ t i)^X ^ -f > -e^J X \tm^ L E D ^ if <7) 
^^^^HTfe^^t'^^""^**- -eof|^^^:d*ffiTLTL^v^, MM<0#tt=Sr:ti"^#^*# 

10 0 0 6] 

^fc^ •9-7T^T^^KJit-®ia/^';'"7T©=Sr^L"C^ia-e8;£m®JKOJ91^G aN^* 
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A 1 G a NM^^m^. mmKxy)mmG ai^mx^yr^ rmm^w.^ g a n 7 u 

-COA 1 G aNJi*5^J^i-'&C:fc;6«it^$aTV^^ (#^#«=:fcm2) o 

10 0 0 7] ^ 

L:6-L^75*'b^ JimC aNi'^A 1 G a Ng*^S$-frS G aNi:A 1 G aN<^l& 

^ ^ ^ -<^ftB^Hf^m^^*ffiS-?:*fe^o #trA 1 G a NJic^A 1 N-=e JW^^<7)iitJD^|» 
. J¥mG aNtcJ:*«iROj^»75«F«gSl^^'5>o t^^. A 1 G a N^^ftt^t^ffmG a N 
[0 0 0 81 

[#fF:fcMll #W^6 - 1 9 6 7 5 7-^^^ 

[#^#ft^jtft^ 1 1 TMOVPEIC iSA IxG al-xN/G aN-^7-a#3i# 

(PREPARATION OF A 1 xG al-xN/G a N HETEROSTRACTORE BY MOVPE) J . 
J. Cryst. Growth . 104 (1990). 533-538 

m^wicm2] ^mm. tg aN-7'; -m^^'^'^Btjs e 5 nmm^m.^ytr-( :t 

— K (High Output Power 365nm Ultraviolet Light Emitting Diode of GaN-Free S 
tructure) J > Jpn. J. Appl. Phys. 41^(2002^). 1434-1436 

[0 0 0 9] 

i^m^^-rfi^. ^H^a14**&$f-e)6-o^ y y ^0^:V^J?J^A 1 G a N=S:*-t* I I imMit^ 
10 0 1 01 

(1) ^±tcA 1 N*-*b5&^iiia4bw*#®> mmiA^tm^m^m±<^AUiG 
ai-xiN (0^x1^0. 1) :b-h^j:^m2mitm^mi^mis^-(^m^2m^\:m^mi^m 

_h<7)A lx2G ai-x2N (0<x 2< 15&-OX 1 + 0. 02^x2) "b ^ ^ ^ 3 W 
[0 0 1 1 1 

mfci-;5.±iB (1) fB«<^i I im^itm^mimmma 

[00121 

(3) |g2^'fb%#-S#®5&*A IxiG ai-xiN (0^x1^0. 0 5) ^^h^^^t^m 
mt-rSilB (1) tfzii (2) tCiB«OI I I i^>fb!^#-S#a®t/o 

[00131 

(4) ^2a'fbt>^S#^**A IxiG aa-xiN (0^x1^0. 0 2) ^^h^j:^^t^^ 

Wit-r^±m (3) ia«oi i imm^itm^^immmo 

[0 0 141 - . V 

(5) ^2S'fkWS#®<^I¥^7&*l ~5 0 0 nm-Cab'2>^ i:=Sr#mi:-t^±ia (1) ~ 

(4) (D\^^-rfii!)^-'miz%im<^i 1 imm^tm^mimmmo 

[0 0 151 

(6) ^2M'ffc*©-N^*'f^®^ff 0 0 nm-e^b^C: i: =£:#^i:i-^_hlB (5) J- 

fe«o I 1 1 i^0jk!^#^S^®%>o 

[0 0 161 

(7) ^2a'fk«©^*#^<^J¥^**l ~3 0 0 J^ni'^^**^ ^^^^^■^^^SB (6) 

iB«to 1 1 1 mm^t^^^'^^^o 

[0 0 171 

mSE#2 004-3090495 
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(8) m2mitm^Mi^mi()^Ty }'--:f(o^^i^-^^^^ t^^Witir^±m (i) ~ ( 

10 0 1 81 

(9) ±ia (1) ~ (8) <7)\,>-rfn!)-^-i^i,ztm(D 1 1 imm.itm^rmi^mmm<Dm3m 

[0 0 19] 

(1 0) (9) I immim^mi^^itm=^^^Lx^:h^^v^t-yo 

(1 1) ±fB (9) Kmoi I imM'fk%^^^l&*#^'Sr;rLT^;5>V— r-tS^-Y ^- 

K 

a 2) ±iB (1) ~ (8) ov^-rtL:6--at^iB«<^i I immtm^Mi^mm^^ 

[0 0 2 0] 

[^Hj §r Hife-t S * (^)^^<^?^S] 
[0 0 2 1] 

111 1 (i, :^^m<D 1 1 immim^mimmm(o-m^uw&ts^K7j^-rmx:^^o m i 
^v>r. 1 oamux^^. utAiNn^h^ji&mimitm^mwmx^^^ 2«aixi 

Gai-xiN (O^zl^O. 1) 7i-h^j:^^2m^tm^m^mx^^. 3{±Alx2Gai- 
x2N (0<x 2< l>0>Ox 1 + 0. 0 2^x2) 3 g'fkWS#^^"^> ^^^-^^ 

[0 0 2 2] 

z.Kh(Dii imMitm^^w<D^^-ijmm\zw^^f^-f^ mocvd ip^m^mit 

. HVPE (>'^-f K^'f K^ffi^Si*) ^ MBE (^^^J^lf ^->-ft 

CVDfe-Cfi. V T*':^i: LTtK* (H2) t/ctiM« (N2) . I I immm^^^ 
Gailii:LThU^^;v*''U'>A (TMG) tft\tY :^^}^if') -t^ (TEG) . Al 
ilfcLTh';^^;VTiV5-'i^A (TMA) ^ fcli h U ^f-;VT;v ^ --ir A (TEA) . 
I nif.tL-CbU^^;V^>>^'^'-^ (TMI) tf^{± h U Vv-i^ A (TEI) . 

Vmir.^t?*'&Njj?.t L-CT>^-T (NH3) > liK9i?>' (N2H4) * if V> tL 
;?.o t/w. K-/N-y h L-Ci±. iiMl-{±S iM*l-i:LT^y->9> (S i H4) 
y->9> (SiaHe) G ^WMhX^xyn^-^y (GeH4) *fflv^. pSl:i{iMgl^. 
J^t LTli'^x.ffii'^v:?' a^^:?' v-^-''^"^^^'^'^^ (Cp2Mg) t/^Jii^;^-^'^ 
n^^^y^— (EtCp2Mg) =£rffiv^-2>o 
[0 0 2 3] 

^tcti. HJ-^r-f T#j^B% (AI2O3 ; PiM. C®. MM> RM) . 7.^£^J\^^m^ 
(MgAl 204) . ZnO#^H^H. L i A I 02#lta. L i G a 02m^H^H. MgO#^ 

H^H'5:if<^m<b!iJ*^H^H^ S i S i Cm^H°H> G 3 A S A 1 N#^B^B^ G 

a N#^H^Hi3 J: t^Z r B2 * if<^* -^-fb^-^^H^^: if <^<2r^<^^*^*l-=S:M "bflllSS^: < M 
[0 0 2 4] 

miE# 2004-3090495 
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o f^lB^t^^M^m<^Mi¥ltO . 0 0 1 ~ 1 /i L < , ^ (btciif $ b< fiO. 0 

0 5-0. 5;/m-e^l9^ t< tiO. 0 1~0. 2 ;umt?^^o ^ 1 

10 0 2 5] 

X MOcvDmKxn^m-rz^ti!)^x^^o ^*Mii4 0 0- 1 2 0 ox:iimt l 

< ^hK^tL<li9 0 0- 1 2 0 OTCO^fflT^So ^SiajS**±MH-^^* t A 

i^^i;T?5r>^-C^)^H2{i 1 5-3 0 U NHaJiO. 5 - 2 >; h T 
MA{i4 0-10 O/i^JV/^S-t^PKL. MO C V D^ft'.^I*IOJE^J{i 1 5-3 0 k P a 

[0 0 2 6] 

**5. LTA 1 N#^^S:^v>^j^>&H{i. c: 1 M^fb^^^^^S 

Um^X\^^:h^<Dt^^j:-to 
[0 0 2 7] 

^2M«^«#^t±'e-<^-tl-«^^*^3^'fb«©4^^»'f^^<^A 1 G aN<0|£fi^S«: 
®^ $ -a: S i::ifi:^^T- o 
[0 0 2 8] 

A 1 ^^-i-tfA 1 G aN<^^ftl-*3V^-C{i. A 1 i: N Ha i: <?)^E&1±^^3^ < . A 1 {i-^-f 
fc:ae>. A 1 G aNjg^{±tete^j£**;^< =&«)^-t^^o MO C V D^ftftlc i ^ G a N^ft 

- Fi:R?^c:fctri-;i,) » AlGaN^ftT-fi, M^^^S-fb^^G a N tclfcicLT 

^S*- K^A 1 G aN^*^- Ki:B?^^ ttif^) o 
[0 0 2 9] 

^^m^h\i. G aNfc A 1 G aN<7>i<^^S^- KO^v^id^A 1 G a N^B^t::^^ 
^^U^-rv^o — ;g|:j^r&]«^licS^- K)&«^v>G aN(4A 1 G aNi:Jt^L-C^&l&^ 

[0 0 3 0] 

^2S'fbW«#®=^AtL^^i:l^J: ^)^ ^ 3S'fbWS#^<^A 1 G aN<^^W^:g 
*5GaN^S*- Ktl^!9©^^«>&-'®^t> #g^Htif4l^±1-'2'o i-J5:t)t> A 1 G a 

^J^mi)''^^^tm^Uim^m^^m<OA l G aN<^«l»^S^- K**A l G aN^- KtC 
[0 0 3 1] 

^3a«#^*#ii<^A 1 G aN<^^^^«-=e- K«:G aN^S-^- Kl^i-;?) fcfelcli 
. l|2a'fb%#*#^<^A IxiG ai-xiN<^ja^tt. 0^x1^0. l*«$ftL<. 
tc^e^t L < J4 0 ^ X 1^0. 0 5-e^b>?^ L<f4 0^x 1^0. 0 2t?**o x 

lifiO 1 l9:/c§v^fc^3^^bWS#®{4A 1 G aN^«^- K^*^< ^i9> llSfi 

<b^###® <^^^^^<^®^^^:m75«M <^£ho ■f^£t>%m2 mitm^m^m i* g a n <^ 

[0 0 3 2] 
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[0 0 3 31 

K.rm2 Mim^mi^misx w s a>fb!^^^#©+o a i m=sr^*f l. ^ i ^>fkJij# 

#;i;6-'b<7)Sg^/&«^tj2 2 0 nmTA 1 **M^^"L^ J^B^2-T?{4^7 0 n mt?^if?L-CV^^o 
t/>:> 4T-{iA 1 jftSO^^j/^i±il^^tL^V>o fiP*.> ^2M'fl:i^^#'(j^iit-M-r^ A 
l^;K<^1i;V^A 1 G aNti. J^M 4 -Cti^^ LT^ ^-f ^ %^lTM4*5j2 2 0 nmOl?$ 
■C*19, ^^2t?{±^7 0 nmOH^-Cab^o ^ 2 S'fkJil^S^/itt i "5 *^tt«it 

10 0 3 41 

^ 2 S'fbi^^^^S*^!?^ i4 1 ~ 5 0 0 n m35^§f t L < . $ kzUt. L<t4l~400 
nm> L<iil~3 0 0 nm-e*;i.o 1 nm J: >5 ^v>^:SI3 

'e[|g'JS«rTtf^^§!J:^>&''5:< ^-S/ci^Sft t < ^v^o tfz^ 5 0 0 n mi ^ J¥v^:^'g-{±^ 3 
a<t!^ij£:^-^jf 9 iJ' L/; 0 . L E D tCffi a-a-t-^MOP^ffl**^ C 

10 0 3 51 

A:yct'^^L/c«3t-e*)^i Lv^:d^ ^2M'fbt/¥*'fril<^mi¥i:t± 

^^i^m<^A 1 G aNOffi^{4¥i&Jffl.^'e^*?'t-^>Ot-t-^o 
[0 0 3 61 

l|2^>fbt>^S#^ii=^^ft^-^^^'^^:SiaS{4 8 0 0- 1 2 0 O^W* t<. $ 

L< 1 0 0 0- 1 2 0 ox:(Dmmiizm&-r^o ^<7)^9:i^mwimi^x-^m^^ii 

If, 'g-0±tc^«$-^^l^3M'fl:l/#«#e««tH^Hte<^^v^^><^**#e>tLSo ^^VT:ff 
;^-C-ab^ H2 {i 1 0 ~ 2 0 U h N Hs (4 2 ~ 4 U h TMG (4 2 0 ~ 1 

0 0//^;V/^. TMA{40~3 0 A'^^^/:8'-ett^&-r^o MO C V D^ft:^rt(^ffi;tfi4 

1 5-4 0 k P alCpM^-So 
[0 0 3 71 

m3M<bi|&^*'»^®*«i^i-'&A U2G ai-x2Ntr:feV^T. x2(±0<x2<l-e*;& 
^itamtLA. ^hKli!-tV<itO. 02^x2^0. 5T'*«9, L< {4 0. 

0 2^x2^0. i-e*<2)o :i<Dmmiz$^ixi£. ^SM^fti^^^^^^^^H^atti^^iif-e. 

fe^i^iKfifiv^o ^ e> K±m^i^izm^. m 2 a^ftu^s^^ ^ 3 mitm^mi^m t <o 

A m^<^M#{4x 1 + 0. 0 2^x 2-e*>*Clfc;&«»t L< s ^ 3 a<b^4^##»<^ A 
m^{4> ^2a^ktJ4^##^<^'^tLj; i9 ^>l«v>ii:75^$ft LV>o 1"^: t»-t,^ 2 ffl<bt>#- 

[0 0 3 81 

^3a^bW«#^<^l^fi^^t-KR^^='^^^^^^ 0- 1-2 0//m*WiL<> ^ 
L<{41-1 0//m-e*)^o 1 A* mii)L±i:J?miwL/v::&:ei*^ai4<^^&^A 1 Ga 

[0 0 3 9] 

i7tf|3a<bt»#^#«t*finM^»T-*-5. S i ^ 1 X 1 0^^- 1X1 O^Vcm^ 
<^®HrtT'*tt{f K-7'L-C*)^v^:d^ T>K--/ «lXlO^Vcm3) <7):^75*^§f 

. Si> G e^i^^mifofi. »*b<f4SiT^So 
[0 0 4 0] 

ll3M<bl&#^S'»:ii*^^^-fr'2>^O^Sia;gt4, 8 0 0 - 1 2 0 0 L < . ^ 

ffiiE# 2004-3090495 
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hKiit}tL<iti 0 0 0-1 2 0 ox^<Dmmi^m^-t^o i(^^ftiajK^Hi*i-e^s$* 

NH3ii2~5U \y^/%. TMGfil 0 0-2 5 0 ;/^;V/^. TMA(i5- 
1 0 0 ;t/^;V/^-ett^1-'5>o MOC VD^ft^^F*3<^flE:d{i 1 5-4 0 kP atCpM1-'i> 

° 10 0 4 1] 

H 1 - SM-fbWS^g^ix A K G aO-ftfelc I n^if*^ I I I I^TC^^^^i"^ >^ £ 
Ti-'-C i . 'il^giift Ge. Si.Mg. Ca. Zn. Be. P. As;fe<tlfB^ if cOth 

10 0 4 2] 
[0 0 4 31 

nM3>:J';^ hJi 5 t LTliA 1 ^r-^trA 1 aG ai-aN (0<a<l. «ftL<«0< 
a<0 5. $P>tcia^tL<{iO. 01<a<0. 1 ) ^^i.^'fbWS^Ji-e^^o A 1 
a^>&iK^HF*3-e^>;|.i:. MJK=^»-C'^. ^fc^^atti: ^- 5 ^^Si^^'^^f- 
^.^-efi^iLv^o nMK-^S: 1 X 1 0^'- 1 X 1 O^Vcm\ b< {±1 X 1 0^» 

- 1 X 1 o^Vcm^oitSt?^^^;?.^:. i^W^<oW^. ^"^y^^^ 

0. 1 - 1 0 m;J»5»t L < , L<{±l-5/^m-e*^o mJ¥:**-<^IEH 

[0 0 4 4] 

v>m^tL-C(±. AlbGai-bN (0<b<0. 4, $f^L<{i0. l<b<0. 2) <D 

^X-BtL\^^o nMiJ^^-;' K^<^mi?fi. #t^l?S5e$tt*v>*^ »tt<fiO. 01-0 
4//mt'*«9. J: l)$ft L< tiO. 0 1-0. l//mt?*^o nM^^ 7 KiS<^ nM K 
-T'aftaiilXl 0^^-1X1 0^'XcmHmtU<. J:t5S^tL<filxi 0^«-l 

[0 0 4 5] 

^^fee? t LTii. ^it^~-^m.m^3 9 0 nmJSlT, $fi L< fi3 8 0 nm&.Tt^j: 

-s J: 9 $f$L<{±Gai-sinsN (o<s<o. 1) (Dmitm^mm^ 

)f75«^lf^tL, -E^x-tiTlft L<t±l~l 0 nm-Cab«9. i "Jiift t < f± 2 - 6 nm-C*S 

g:?.^^ (SQW) «jt<^'flfeiC> ±iaG ai-s I nsN?r#P^fc LT. i<7)#F"M J: <9 
K^-V ^^^^^V^-5&«^^^*A IcGai-cN (0^c<0.. 3:0-ob>c) t 

;i-ib'5^-&#m4^#^ (MQw) wittLT^) iv^o tfz. ^pm. w^m^^ii. y^^mm 

[0 0 4 6] 

A icG ai-cNmmm<D^mumiis o ox:&.±<Dum-^^utL<. ^h^mt L<ji 

9 0 0- 1 2 0 OX:x-m&^^^ t^^m^MMi'^^fztb1S--il'\f>o Gal nN#p^ 
fi 600-900 "C, ifiL<tt 800-90 OTC-C^ft^-^^o -T^i^^MQWom^ 

aifE# 2004-3090495 
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<(d:'. A UGai-dN (0<d^0. 4. SjFiL<{iO. l^d^O. 3) (Di><7>^^mif 
hfi^o pMi^7 >KS^^ ^(Di^j&A 1 G aN3&»e>*<i»i:> l&^^'^<^^^VT<^?Pa 

0 1-0. 4umX-^^. J: L< {4 0. 0 2-0. l;/mT-*^o pM^^ ^ ^ Vm 

1 O'^-lXl O^Vcm^X- pMK-^*;S>&^'±iaiEH'^-*'2>^^ ^^tt=S:®T 

[0 0 4 81 

pM='>'i5^^bJ*9i:L-Ct4. iJ'^^:<t'bAleGai-eN (0^e<0. 5>0^L< 
{±0^e<0. l^ X^mtL<\i0^e^O. 0 5) $:-^^-e^<l)M'^k!^#S#S■C'* 

* Uv>o pMK-ySr 1 X 1 0^«-l X 1 O^Vcm^^OitJ^-e, »^ L< 54 5X 1 0^^ 
~ 5 X 1 O^Vcm^O^KT'-^^LTV^JS J:, 5 i^g^liO^^. ^7^^ 

\.^i!)^^m^imth<itMsi)mifhMommit^mzm^^fi^£^^-^^ o. oi~o 

. 5A/m7&s»^L<> X^UtLHtO. 0 5-0. 2 ;u mT'^So I^J¥:d«C:<^^ffl-C* 
[0 0 4 9] 

[^M^J] 
[0 0 5 0] 

[0 0 5 1] 
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